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(54) 797.3 FDNA©ffitH¥il©2t8: 

(57) [Hjfc] 

[®JB] 7*97 § KDNASr^tf«&^*7ctt;SBSa^ 

67*975: KDNA*)RS**tifPSr^Sli:i-Sw4:>5: 
<. ©^^-o^iNsgfRN AS-atau, **§ 'i-rznm 
SrS#ti-5„ 

TIBXS (a) ~ (c) Sr^tfC b&¥m 
1 9-5 7*9 7$ 

(£¥1-57*9 *5 KDNAttliiiMKl^y K 

(a) 7*975 KDNASr«J#-f5l»i«SJ*fcttiWJ® 

ic. ^9®)SSr^tfpH3~6<D#ajia^« 

SS. 6 fc 5 <fc tf9nttKtei£B4B&* 

&*an, ®^fc5V'liSte£-fr5 3 itcj;*). 2^7*97 
5 KDNA&|SfBifift:X(C©;f £-fr. (b)±IE(a) 

X®CT7*97$ KDNA?:®#§-a:itHffiSfrSracit 
f&tcJ^gfcif-U fl>o. (c) ±IE (b) XglcTgfcSf- 
®WiS(CJ: *3 7^9 7.5 FDNA&it 

£U£-B:5. 
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[#»IlMM>«6ffl] 

IfiMiJil] TIBXm (a) ~ (c) 

Witir^7 7 5. 

(a) -f77 5 KDNA&&j#-X3&£*$j£7tlX#aaS 

|r, *thn pH3~6®$aia®& 

&I&DD, ®^;fc.5VMX&«!£-frSL ilex'), m-?7* 
5 KDNA£&|®iS#a:(£®#$ii\ 

(b) ±IB (a) XSICTT'x^S KDN A£rB&4t $-fr 
fcHffififr£ifci£f£l-X>mfrL, ;)>o, 

(c) XIE (b) XglcTife^LfcBfiffifr /)>?>, ^I±J 
ffilCXyr^S: KDNA£}mii£-&5. 

[1*^*2] ^7^? KDNA^ffltt5te«i*t 

N Aj&fflSMfeo 

[If3ft*3] **bnfy^#lgSr-ttfpH3~6<D 

mj vM.-m.rn (p h 4 . o) i 

7*5 KDNAttffl«S3&, 

[tS5t?j*4] t it i±mmmmo 7 * 

7— /P, ^bb^/v-A, XfclXL;ft,L©^AnLHX'C& 
5fjtjfc«lfa m.<r>rf7 7% KDNAjtttlffiSffi. 
[ff*«5 ] ^g£g£-ttBf0Sft#'> V * 
Xfo5i*3ft^lfE KDNAlUJlSft. 
[fSf#«6] 

1bE«W:/ 7*5 KDNAittiSSft. 
M&$ts‘m.+-?&z>snikmimw.<n77 t. s. kdna# 

[t*3ft>*8] ttffi^7kfe5V'(4TE^5'7r--Cfc 

5fM*JSl|2i£<7>7”7*5 KDNA»ffl*Sig)fe. 

ttstsfefrt i fest<r> 

yyx? KDNAttffllSSifeo 
[f»3ft«10] *^-bo^s/;7X!K)®Sr'ttfpH3~ 

ifift, gfc^*5XTyt^Ui?«^tf^9^$ KDNAtttH 
mm$m*7 k 

[0 0 0 1 ] 

[S£l±<T>f!jffl#»] AISB^IX, :/7*5 KDNAW 

i/'-C7’7^5 KDNASrffi®d'oMax<14lli-r5^'i£ 

*5 KDNAtttBffl 
McBBXS. HX§*b££6£«)ttl=g§ 

[0 0 0 2] 

[i*»gf] 



Jgt£77-yXX&>2>e {Pix-lX. feSSHK-y-tcoV'-C#?#? 
LX 5 £-f5i§£\ £i*, 

O^^JW^^ibDN A-^R N At V'ofc®gf^}*tiJi-5 
^t«re&5„ xfc, 

A/ RN A^tfrt^i3V''X t>N 
**>!>> W /v* L*.*g, 

^ttiX5Lid5£-gT*foSo — «£(-, 
SDNA^RNAtV'ofcSift, Sffi&LfclKli-C*#:# 
X--3:fc>it-c&<, §i®, *3>b#j&£*b£ 

ixx/lx*©^, 

Lfc 

as^-c, ^um-brnm^tamm-r^m^^ x 

-f X 5 ir T— Xf ic x 

SgfiUMS, #B?gtt»J^tt»JLX 5«ia^&JfeXL 

ticxy^»Srieii$-&, $e>K:, 7^y~^<D^m 

ffc£ffifflLfc*7A7n-7 b^T^-^l-XI), 5SS£ 

^sk^wisw, $b(-t4«amLfcSKcffl^i-i£c.r 
*a^x>$*v, ^n^frMmikZfixm^'bixx^'Z,, 
[000 3] :/7* 5 KDNA£r&l#X' ; 5''^7 1 !) T, 
#1 :*iSi‘6T , 7A 5 KDN ASr}*t±)i-5*ffit LT 
IX, TVP# y S?iiii!&, [Molecular cloning: A 

Laboratory manual, 2nd ed. (Cold Spring Harbor La 
boratory Press, 1989) ] ?£ b A 5: 6£3tS X K> fffrixX # 

it. la>l, ^n^<vxm£&‘0-frm?£ t’Mmtexmz 
^tstzlb# i %\C^ffltffrfi'?>rE$iX&>Z>. $btc, ;n 
Ltoyb'ifeicxytttii^bxfcDNA-y-^T'/i-^iciix, ^<d 
&<DMV tlZ t o X P=# 1 1£ z R N A -^ 9 * e* if * 5 

^<^XtLTV'5. -t <7>it«>, WX<T’7A? KDN 
A«r#5fc*l-IX, X*ufe©#lffltftf£&»ofc»lJL Jg 
(b-fe^^XIcX-S^S^SBSr^Jffl LfcgiiX5>gt^fb 
■>?», yjKjt^ P7— epfbfcxo'^i/— v?bb* 
X 5 *JS$tT, 

5RN Aio xtb^ 1X7"?^ 5 fc So 

[0 0 0 4] Xfc, y/ADNAfcXO'^y/il'S^i 
mftzm ffi®IC7°9x:5 KDN A^r 
iWL55Mttt, t Kcdf-i/T/^-f 
£-14BHSt Lr«ffl-t5^fe [Beland, F. A. b, J. C 
hromatografy, 174, 177-186(1979)] 

L©*i£ICXtLfX, ^®?® c f , c07'7^5 KDNA<D^Sr 
»WLX< 5HidS-5Tiex?fc*), RNA-^^Wn'^SIX 
t H^IXt A/if©#L*V'fc«), Llv 

P>c0®A«rlStA7ifK<rxi^-T?f £„ L^L, Z<Oj5 

ffi-eix, LT^JK^tSlb^W^S^^Pfi* 1 

-T5 0. 3 M y 

-tcofc*, atULfcT'x^? KDNASrffiJ 

i-ix, t icx y 

t5Lt«li*y, SB$^Sr®-rsi;V'5R3Si6 5 fe 
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5. 

[0 0 0 5] 

289596-^-^®] „ CCOjj^\t. s<9 *T V 7*£ i?<D£.%Vtt 
m^mmt-m^xma-r^^ ttfsirnttiz. && 

fSt U-C7k^fcl4TE^y 77- )fcff(6atft<0®WJSSr 

«ffl-r5fc«>. fttau/c 

5 w £ i5-e# 5 i V' 5 #J 
£fr$>6, Ld>U OT’7^5 KDNASr 

SRPi-S^^-ry T^e>7*9^5 KDNAOttUJSr^ 
fc®-£\ y;ADNAl)7’7^? KDNAi»'7!) 
#^©it-f5o ^<Dtz>t>. 9"9A$ KDNA©^.Sr»fiS 
4<ttitttt-5fc;9t-tt. $ 5 9 A 9 n 

-7 b 79 7 -f -^<77fg§!!«!fb£r*55* 5 X £ it&mxh 

5. 

[0 0 0 6] 

[389?asft?ftL.4 5£-r5SUB] 14. S£lfe 

t, e^roifEPn^H^ 5 x £ -e*> y . 

zfyXS. KDNA^eStiattltfcttaW^^ 
*5 KDNA£4H5£*MW?3£r£'®£-r5x£*<, 

pa^o^^-ejita u ff§a-r5;9i££ts«-r 5 x £ -e 

fc5o 

[0 0 0 7] 

[i!Uafc)S?&*5;fcft<D*j£) *3S9?#5>tt.. -tSESSJ® 

jaa*»ua«« 

j®. ^9* 

5 KDNA«rfiy$i-5»^«b*)fctt«llia*»e>9 , 9^5 K 
DNA^ffiffitcttajitSLp sx isai'iu *389? 
tciiLfc. 

[ 0008 ] **:£>*,. *389?ttTiexm ( a > ~ 

(c) S:^tfwiSr?#®i:i-2>9'9^$ KDNAOttffl 

»s*an?*>5. 

(a) 7975 KDNA£»#*5®£te£fctt*8J® 
1C. j&*bn^y94ljK&frtrpH3~6©ttllS*^ 

®^-&2>V'li3R«$-ti:5ri:{c:J;y, S99 
KDNAS:BtiiS*±lC®#$-a:, (b)±IB 
(a) Xgic:r9'9^5 KDNA5r®#$-a:7cBffi?a* 
DSfc^U *-o. (c) ±SS (b) Igt 

-csfcit LfcB*afif*a>e>, }gffl?£i;:4y 9°9 a$ kdn 

ASr®ffl$-ar5. 

[0 00 9] $Ztz, *^93tt#*bnk':y9;*®g£:-& 

tt P H3~ e (Dmmm. mm 

fcg-g-fllBtSte*. ffi^J3J:tJ'Sttl}SrS:-&tf7'9^5 K 
DNAtttaWIJfy b-CfcSo 
[0 0 10] 

[38 m<nmmw;m] *389?icj;5:/9;*5 kdnaw?* 
tttft&^tt. (a)S#-»tm (b) 5fc#X 

is. (c) ^mxs»3©^tc9ct <$rrtbmz>' 

[0 0 11 ] (a)»#-8tism ^7^5HD 



m. g?&*££-?4B : tBS(fc£^JD. ?!-£•&> 5 V'tt^tt$* 
5X£lcj;y. tt£fe*fctt*H«&«:»#U 
D N A £4gSS?*S£-&@«'''®« £ -fr 5 . 

[0 0 12] *^lr*5V'TfflV'fetx-577 P 9^5 KDN 
A«:^i-5tt£«*l*;fctt#MS£ UTtt. li tt*B§® 

©M2KI5&fctftt*Wfcfc©T?;fc5. X 

?egi#<£>®£-. asm, ^<75^feicbfei ? o-cas^ 
UC^M^Jv- &<£>#** ifwSWf 5 
ici 0*li$*tfc.’t>0>;» s ttt3S*m£ LttfflSnS. 4 
fc, dT*ifttiiM®i:457’9^5 KDNAIi, JS»<©> 
£*5D. '<'79 — £ l,XfflH£tiZ>i>(OXhZ>. L-fca* 
ot, m?l'5^7 7.5 KDNAKtta^i KDNA 

[0 0 13] *389?lxm'TJfV'5;H5iMS^Wf£l- 
tt. atfSflSr&^TS*, pH3~6it5. xtttt. & 
e>* i cfe«Bsa^(i?®tc'&snTV'rt>. sfcMSSrigfl? 
Utti:S*ifiSt btiSULTbiV'c r©®f#J £D 
Ttt. — «tttefl?£;h<5k®4?fcfttt4tK:iK3e$;h.*V' 
pH 3~6O®SfflWV''f*Hd»c0pHlc:doV'Xa®IE 
£r : fi‘*5t>072 5 J:y£?4 bv\ til&ff, Bt&4-by9A 

h v 9 a - <?n, twttffl 

Itibtttl~5 0 0nm. p Htt 3 ~ 6 <73®ffl^ 
mx$>So 

[0 0 14] *389?b::l3V'TfflV'fe*t5i®]iS*§^?£tC 
(4. #* b a 

K£LTtt. — )&lc#*n tf y *feg£ UT&feix-O' 

-C33D. $5>IC^7^5 KDNAOSffl^©^^^ 
*5fc<DT?fc;h4f#tc|E£$;h,*V\, g*W»ctt. 77 
^i7> s 9*'>T>'g?ffi. ;/T = -y VffiSt®. ±?3kth 
1)9 A. 4 5'ft#y9A. j®3fiifi§£9~ b y 9 
54t5. Xlve><7?5 fe. 9'TpP'7 ? v9 L *'>T>'geS*W 
4U<^V'feix5. Xftk©;** bo 
®Stt. ffiv'e>H5**bot"s/9®i®pc4y^*y. 

tt. 3 ~ 5 . 5M©®at*5J: 5t-^ffli‘5coi5ff4 
L-^'. 

[ 0015 ] 4*. fflaa^fStctt. 
V'tt®J®'t j ;c^4H59^9g^^tt$-ar5S6!)-C*3?. 
B)g-tt^J$r-i' ; fir^-a:T’fe4V'. 4 ©#Bpgt4^J i: IT 
tt. -®{0®3a^^6.©^»U3ttffiffl$tt5t><0-C39 
4ttt#ici5R^:$ti-*v'}43. **Wictt. *y**'V^^ 
vi/Urt *-=- /wpp— 9"/^. *y *= s rv'P t 9 L W'>'y 

yptr^y-^ey 99^— K ^y 

y * ux.- tn<r>#'< K9 J ->/p h 

y y f/V'77 ; E-=-l>A7’B 5 K. K9 f v'/P h y 9=f-7V7 
9A9oy K. tf/UHI^f/vry^^AT' 
n 5 b y 9 

A. N - 9 9 B zf A'f-A/P yyt H 9 a, 3— A-g£4- 
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y-viyrs v^<oiiffi#ffi?£teajasigif <bix5„ $me> 
oh, tfy r 
,p, #Jl^yxfi/yy/vwy^/7^^F§© 
#M*V#®®tt^aW4L<fflV'e>*L5o ZtLhVft 

&9, #14.14, *X y ^Sfj/xfuy^?^7x=;n 
— 7 VH£-(£ffl-r 5 i&£-l-l 4 , 0 . l~ 3 %<D«EHt *5 
4 5 ix&fflXScoaw* Li\, 

[00X6] LT 

(4, X9*5 KDNA<D&fa^<0)g-a-&r®tf5t><9X* 
<, il'oy; ADNA< 0 @*S~c 0 *£-£-& 8 Stf 5 t>< 0 Xfc 
*Xt4#t;i|&/££HfcV\, CWjg38t£<A'-C©f£»4;FK 
XifeS#, 

®4£SSI-Tlf, ^Oitiaot, 
a^&59*974$ KDNAiy/ ADNAIcSISicOSS 
^■©S^tt«r<4-^UTV'5t.c0t#x5o ^:*Kt-43V' 

lxi 4, TK^fny^y 
— /V, if®SSl 7 s/-^, ynn*;l'A> y^y — 
/K x?y — /k l-yn/V-^, 2 -y'o/-?y— /K 1 - 
-f9J —> K 3-^fM- 9"n/<y— /K T-fe 
^ifblxS. 4 lxib<oy-fc>, Tkfi&fny ^y — /v*fcl 4 |g 
»i»7iy'-/K fo5v'j4wtt6)ffi?Dy^y— zi't 
7 uo*/WAS:®am-el^tfc()ffli!»SLl<'. 
[ooi 7 ] 

ififtci LXI4, y7y- ha t°y y-fy-VO#ST"X?^g?5: 
35 it, 

5«*tt*B£^X5Sf£xfcnt4#tc®;t$n&i/\, 
n^wicrt, -mit^m, i-ftfr-h-y y*mu 
ffliAblxS. 4/c, SfliEroJ: y 
$r$£tf5 4 y ft ^cOX# 141x14, '>y TOA'LlSf&SlxS 
(fecofefT, #J;tl4#974 x 44 7i)±, £>5V'144lx?> 
SrXb^^SStcJ: y^BW-a^JEbfcfcco-^, iSStBStt 
^Ja^Xli«!)#cD<t&cot)Wtco®a'fft>^Slx5o 4fc, 
r<o^ge^tt@ffiS^<o^ffit lx»4, 7^^ 

y-, klx5as*H::l«;££lx 

*v\ :Hxb<oy*>, 35*t^tHco^*#«;-r5t!fa 
■T-<OJ£)&;4S4 9£f4L<, r<Oi:#SS(40. 0 5 ~ 5 
0 0 n m^4 9£?2lX$>5o 

[0 0 18] *3§W-13IAXI4, ±IB*BSa©»^, nm 
mm, fc5V'140 

B#(c*jDLTfcSv\ 

[ 0019 ] (b) j56^xsi4, ms&mm 

m, &mmm, mmts-k&m tatafl:e>s«**>&. ?? 

*$ KDNAd*^»Uft^^-&tt0leffi^<o^.Srplte 
&BS9#Pli-f5XgXfc5,, rroit, ifci£j£Sr(£ffl L 
Xl~3(H]g£8?, IS!9&LJfc#X5<03S#lfeLl\ 

[ 0020 ] 

(0fcfc<0*»:W*#®t LXI4, 



*>5»^-tc:i4, it-L'54SI, 5i§, *7ASfffWSL 

V'„ $b»ci4, 

3oX'fct><D£@11ffifti LXfeJSI-lxtf, 8£B^£r)BV' 

<o , 4001 ^ 5 . 

[002 1] LX 

14, @ffid>C><oy'9^ 5 KDNA©^gtSr{EiiX5 t<0 
X&<, 4>oy 7 4D N 7^7 

£fcSlf5fc<9Xfoftl4#lc®)t£lx*x\ Affcittfctt, 

3 ~ 5 . 5My'r=i7v9-^->r>'ge®?eefc5v''i44 o 
%~ 1 0 0 %xi y y — ;vifi SfS L < , $:lxb<o 
#ffflX5t4 90iSX*fc5. o4 9, 4-f, VT-Vy 
^yH-yr ymmm-c&.& L fern, £ (- 4 o %~ i o o 
%xy y— 7UX^)^X5(Oi6S$FS Lv\ 4fc, #)£>i::^? 

# ■ ®ixiiiirttffl vtzmf&mmm^^vmmmm^ 
ftitiffi Lx^-rst, yyxDNAtyy/^s® 
Bfc*tc:4 9=fr$bx$>5„ :®t§,iv't4 0%'vio 
0 %xiy /— 7WX^#i-5<oiW* lx\ 

[0 0 2 2] (c) gffllgtt, X97C$KDNA^© 

# D N Ajr^il $■& 5 1 
mx*fe5. ffiot, ^B^I-ioV'XfflX'bftS^ffifKi: 
LX 14, 0hB^e>(OX9AS KDNA«0®BltrffiitX5 

-Ltoxfentf, l$f;:l®5££lx&v\, Alfcfcjfctt, Tkfos 

V'ttTE^y77- [10nM h 9 74&^ig«$!, lmM EDT 
A, pH8.O]^04 Lv\ ccot^SiRLfcXy^S KD 
NAI4, $g*gi£f£& 

©jispitt-^DNAiKy y 9— 
L/cSI^RftLiEghffifflXS r t £ 5 X# 5. 

[0 0 2 3] _LSE<D4 5 1C, «6WIC459*974$ KD 
NA<OttffiS®*ffit 4 , ^fcEfrXga* L>ffij$. £ 1 x 5 fc 
*. 4975 KDNAttWSS+yh^, 
^W*54aSf^^ gSMt 
ffl L y 5 X i t4l^ ib^'X&S. 

[0 0 2 4] 

m&m £1T, 9 

SftWX5*L ^^(4nxL<OHlfetBJ(CIBj£$lx5 to 
Xf4*X'„ 

m&m «SpBR3 2 2/HB10lA'i b«OX9 
74$ KDNA<oatU 

( 1 ) p B R 3 2 2 /H B 1 0 1 (O^M 

797iKpBR3 2 2 (3K#i&SiSt*fcS!{) 
nfc9:®liHB 1 0 1 JEStem# (p BR3 2 2/HB 
ioi) $■ i o o p g/m i oryf-yp y&^tf lb 
[iog/i M)4hy, 5g/i^a^dp74, 5 g /miLX 
h y y A (pH7. 5)] 1 0 0 m 1 {C^tti L, 3 7 

X, Ut yjfSl 8 0 rmpXl 5 Lfc. 

JgSj^^rl. Smlfol. 5mlfW7nfa 
-XK^SL, (MR-150: hS 

— filth®}) LlX 12, OOOrpm, 1 #M2S'L9>8t L, ±lt 
Sr^*X5 X t \z. 4 9 # bltfc® t L4c„ 
[0 0 2 5] (2) 9*9 74$ KDNA<Ottta»S 
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_h!2 ( 1 ) tCTfl®!L.7c«#»C 5 0 0 (i 1 comi&mMWi. 
[4. 7M 92d>MS*K± h ]) <? A- 
(pH4. 0) , 1. 2%7f?y 

pWm— fvK 20nA4 EDTA]£SD;t-Cj&1g£it, il'T5 0 
O/i l©TE^5'7r-®ln7i/-;v/^pp*;PA 
(1:1) £»*., $tb<®-a-Ufc„ CHIC, 4 0 m 1 
(DO. Sg/mlBtt-V!)* CIS® l~10//m , EHB£ 
{b«*S±30% -£1T, it mmm 280m 2 /g, 0. 025 

ml/g, gB^TLittS 2~6nm : ®fS7&£Ss 

SDL-, t®-Cl 0 5)iI^Ut, 9:1c, '*'( V 0^3- — 

(MPC-H : |CK® LT 

±ff£i&*L7c. £e>ic, w 
lmltoifcjf 

* [5. 52mM MJ .x -£& 

( P H6. 4) ] *m7LX+&Km&tit'&. 

is KICKS LT±fit£l&*± 5 ' tl’it), *ft±£i!fe# 
LAc. a8llcL.T, lm 1 ©ifeiffffilrtRS, 
j$±, iBV'tlml©7 0%i) , y-^t2@, 100 
%^/?/-/ix-C*l®S^-&St^Lyt <> ±7t£l&Sb7c 
®, -7^0^— ;/£5 5‘C(ctS:^Lfct— )^oy 
^JitCtSlBL, 2 0#M«cB-f-$C ticj: 

7X£3g3§Bfc£U CHlc 

1 0 O/i 1 <0S£®7kS-^SDL, SfiT?l O^ESS-g-LAc 

®, ? > kicks y #*£±£** 0 , ± 

fts-nntzLfc. iaiix?aa:!4j3j:^:8 o m i xhotz. 

[0 0 2 6] (giKi&tO 5 *><0 1 0 m 1 £XXfn — ^-XA- 

m^.»i)tc«L, ify^ynum 

Ufc^SrEll (L-- >3) lc^-r„ 01 (U-A3) 

0^9) £>*>&£ 7 1C, ycSty/Afi^DNA^RNA 

<0®AI±I3± A, if jt^Hf, kdn 

A0Sttffitt*S$HfcC£0S?fcI&-O#.5. ilt, w— V 
1(4, 7A/7r- yDNAO PstI tEHbfea>e>ft£-y- 
4X7-*-, W— V 2 lirfiBKtO p BR 3 2 2DNA© 
U'-^3(4Hlg^ll(c^-r^ffilcj:'5]4 
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Japanese Unexamined Patent Publication No. 1997-327290 
[Title of the Invention] Method of extracting and purifying plasmid DNAs 
[Claims] 

[Claim 1] A method of extracting and purifying plasmid DNAs which comprises 
the following steps (a) to (c): 

(a) the step of adding, mixing or contacting a cytolytic solution containing a 
chaotropic substance and having a pH of 3-6, an extractant comprising an organic 
solvent and a nucleic acid-binding solid phase carrier to or with a microorganism 
or cells harboring a plasmid DNA to thereby cause the plasmid DNA to be 
adsorbed on the solid carrier, 

(b) the step of washing the solid carrier with the plasmid DNA adsorbed thereon in 
the above step (a) with a washing solution, and 

(c) the step of eluting, with an eluent, the plasmid DNA from the solid carrier 
washed in the above step (b). 

[Claim 2] A method of extracting and purifying plasmid DNAs as set forth in 
Claim 1, wherein the plasmid DNA-harboring microorganism or cells are a 
bacterial strain or bacterial cells. 

[Claim 3] A method of extracting and purifying plasmid DNAs as set forth in 
Claim 1, wherein the chaotropic substance-containing cytolytic solution having a 
pH of 3-6 contains guanidine thiocyanate and sodium acetate-hydrochloric acid 
(pH 4.0). 

[Claim 4] A method of extracting and purifying plasmid DNAs as set forth in 
Claim 1, wherein the organic solvent is water-saturated or buffer-saturated phenol 
or chloroform or a combination of these. 

[Claim 5] A method of extracting and purifying plasmid DNAs as set forth in 
Claim 1, wherein the nucleic acid-binding solid phase carrier is a silica-containing 
carrier. 

[Claim 6] A method of extracting and purifying plasmid DNAs as set forth in 
Claim 1, wherein the nucleic acid-binding solid phase carrier occurs as particles. 
[Claim 7] A method of extracting and purifying plasmid DNAs as set forth in 
Claim 1, wherein the nucleic acid-binding solid phase carrier occurs as 
superparamagnetic metal oxide-containing particles. 

[Claim 8] A method of extracting and purifying plasmid DNAs as set forth in 
Claim 1, wherein the extractant is water or a TE buffer. 
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[Claim 9] [il] A method of extracting and purifying plasmid DNAs as set forth in 
Claim 1, wherein the nucleic acid-binding solid phase carrier is a 
superparamagnetic metal oxide-containing carrier, said method further 
comprising the step of separating the nucleic acid-binding solid .phase carrier and 
the liquid phase from each other utilizing a magnetic force. 

[Claim 10] A reagent kit for plasmid DNA extraction and purification which 
comprises a lyzing solution containing a chaotropic substance and having a pH of 
3-6, an extractant comprising an organic solvent, a nucleic acid-binding solid phase 
carrier, a washing solution and an eluent. 

[Detailed Description of the Invention] 

[ 0001 ] 

[Industrial Field of Utilization] The present invention relates to a method of 
extracting plasmid DNAs from plasmid DNA-harboring microorganisms or cells in 
a simple and easy manner and at high purity levels using a nucleic acid-binding 
solid phase carrier and to a plasmid DNA extraction/purification reagent kit for 
use in said method. The reagent kit can be applied to an automated nucleic acid 
extraction apparatus as well. 

[ 0002 ] 

[Prior Art] Nucleic acid extraction/purification from such a biological material as 
nucleic acid-containing cells is an important- step in the field of genetic engineering 
or clinical diagnosis. In the case of analyzing a gene, for instance, it is first 
necessary to extract a nucleic acid, namely DNA or RNA, from such a biological 
material as cells containing that gene. Further, in DNA/RNA diagnosis for 
detecting an infectious factor such as a bacterial or viral strain, it is also necessary 
to extract bacterial or viral nucleic acids from a biological material, typically blood, 
for detection of such matter. Generally, nucleic acids such as DNAs and RNAs 
contained in biological materials are not always in the free form but occur in such 
shells as cellular membranes and cell walls constituted of proteins, lipids and 
saccharides; in most cases, nucleic acids themselves occur as conjugates with 
proteins. Therefore, when nucleic acids are to be extracted and purified from a 
biological material, it is necessary to first render nucleic acids free by subjecting 
the material to physical disruption treatment by ultrasonic waves or heat, 
enzymatic treatment with protease, or treatment with a surfactant or denaturant, 
for instance, and then further purify the nucleic acids from the disruption product, 
for example, by an extraction procedure using an organic solvent such as phenol, 
ultracentrifugation, and/or column chromatography using such a carrier as an ion 
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exchanger. These techniques are respectively optimized and are used in 
combination according to the nucleic acids, the starting material and, further, the 
intended use of the nucleic acids extracted. 

[0003] The conventional methods of extracting plasmid DNAs from plasmid 
DNA-harboring bacteria, in particular Escherichia coli, include the alkaline lysis 
method and the boiling method [Molecular Cloning: A Laboratory Manual, 2nd ed. 
(Cold Spring Harbor Laboratory Press, 1989)J, among others. However, these 
methods comprise such a complicated step as centrifugation and therefore involve 
very troublesome operations. Further, the DNA samples extracted by these 
methods abundantly contain RNAs, proteins and other substances interfering with 
the subsequent analysis. Therefore, for obtaining high-purity plasmid DNAs 
after such an extraction procedure, it is necessary to carry out a process for 
removing RNAs and proteins, which is complicated and troublesome and requires 
a long period of time, typically an ultrafiltration procedure utilizing a cesium 
chloride density gradient, or ribonuclease digestion followed by phenol/chloroform 
extraction. 

[0004] Also known as a method of extracting plasmid DNAs in a simple and easy 
manner without the necessity of particularly carrying out any procedure for 
removing genomic DNAs and proteins is the method using hydroxyapatite as a 
nucleic acid-binding solid phase [Beland, F. A. et al., J. Chromatography, 174, 
177-186 (1979)]. According to this method, while plasmid DNAs in the lysate 
solution can alone be extracted, RNAs and proteins are hardly adsorbed on 
hydroxyapatite and therefore the contamination with them can be substantially 
prevented. However, this method uses, as the eluent, such a buffer solution 
having a relatively high concentration as 0.3 M phosphate buffer, which inhibits 
such an enzymatic reaction as restriction enzyme digestion. As a result, when the 
plasmid DNA extracted is used in restriction enzyme digestion or sequencing or 
like analysis, it becomes necessary to remove the buffer agent by dialysis or gel 
filtration, for instance; thus, there arises the problem that a long period of time is 
required. 

[0005] On the other hand, available as a simple and easy method of nucleic acid 
extraction is the method which comprises using silica as a nucleic acid-binding 
solid phase carrier [Japanese Kokai Publication H02-289596]. This method is 
advantageous in that since nucleic acids can be extracted in one stage from a 
biological material such as bacterial cells and further a low concentration buffer 
solution such as water or TE buffer is used as the eluent, no particular desalting 
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and concentrating procedure is required and the nucleic acids extracted can be 
immediately subjected to the subsequent analysis. However, when an attempt is 
made to extract plasmid DNAs from plasmid DNA-harboring bacterial cells by this 
method, not only plasmid DNAs but also genomic DNAs are adsorbed on silica. 
Thus, for extracting plasmid DNAs alone at good purity levels, it is essential to 
carry out a purification procedure such as ultracentrifugation or column 
chromatography. 

[0006] 

[Problems Which the Invention is to Solve] It is an object of the present invention 
to solve the above-discussed technological problems encountered in the prior art 
and provide a method of extracting and purifying plasmid DNAs in a short time 
and at high purity levels from a plasmid DNA-harboring microorganism or cells, 
without requiring any complicated operation. 

[0007] 

[Means for Solving the Problems] The present inventors made intensive 
investigations in an attempt to solve the above problems and, as a result, found 
that plasmid DNAs can be extracted and purified in a simple and easy manner 
from a plasmid DNA-harboring microorganism or cells by using an appropriate 
cytolytic solution, an appropriate organic solvent and an appropriate nucleic 
acid-binding solid phase carrier. Such finding has led to completion of the 
present invention. 

[0008] Thus, the invention consists in a method of extracting and purifying 
plasmid DNAs which is characterized in that it comprises the following steps (a) to 
(c): 

(a) the step of adding, mixing or contacting a cytolytic solution containing a 
chaotropic substance and having a pH of 3-6, an extractant comprising an organic 
solvent and a nucleic acid-binding solid phase carrier to or with a microorganism 
or cells harboring a plasmid DNA to thereby cause the plasmid DNA to be 
adsorbed on the solid carrier, (b) the step of washing the solid carrier with the 
plasmid DNA adsorbed thereon in the above step (a) with a washing solution, and 
(c) the step of eluting, with an eluent, the plasmid DNA from the solid carrier 
washed in the above step (b). 

[0009] Further, the invention consists in a reagent kit for plasmid DNA extraction 
and purification which comprises a lyzing solution containing a chaotropic 
substance and having a pH of 3-6, an extractant comprising an organic solvent, a 
nucleic acid-binding solid phase carrier, a washing solution and an eluent. 
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[ 0010 ] 

[Modes of Embodiment of the Invention] The plasmid DNA extraction and 
purification method according to the invention is broadly divided into the 
following three stages: (a) dissolution/adsorption step, (b) washing step and (c) 
elution step. 

[0011] In the dissolution/adsorption step (a), the cytolytic solution, organic 
solvent and nucleic acid-binding solid phase carrier are added to, mixed with or 
contacted with a plasmid DNA-harboring microorganism or cells to dissolve the 
microorganism or cells and cause plasmid DNA adsorption on the nucleic 
acid-binding solid phase carrier. 

[0012] Typical examples of the plasmid DNA-harboring microorganism or cells 
to be used in the practice of the invention are Escherichia coli transformants. In 
the case of such an Escherichia coli transformant, the transformant is generally 
cultivated overnight in the conventional manner using an appropriate selection 
medium, and cells are collected by such an operation as centrifugation for use as 
the starting material. The plasmid DNA which is the target of extraction is one 
utilized as a vector, as well known in the art. Therefore, the plasmid DNA so 
referred to herein naturally includes cosmid DNAs as well. 

[0013] [i2] The cytolytic solution to be used in the practice of the invention is 
adjusted to pH 3-6 by causing it to contain a buffer agent. This may be already 
contained in the cytolytic solution or may be added as a buffer solution after 
cytolysis. The buffer agent is not particularly restricted but may be any of those 
in general use, preferably those showing a buffering action at a pH within the 
range of pH 3-6. Thus, for example, sodium acetate-acetic acid, sodium 
acetate-hydrochloric acid and the like may be mentioned, and the concentration 
thereof to be employed is preferably 1-500 nM and the pH is preferably within the 
range of 3-6. 

[0014] The cytolytic solution to be used in the practice of the invention contains a 
chaotropic substance. The chaotropic substance is not particularly restricted but 
may be any of those substances which are generally known as chaotropic 
substances and are effective in increasing the solubility of hydrophobic molecules 
in water and further contribute to plasmid DNA binding to solid phases. 
Specifically, there may be mentioned guanidine thiocyanate, guanidine 
hydrochloride, sodium iodide, potassium iodide, sodium perchlorate, etc. Among 
these, guanidine thiocyanate is preferably used. The concentration to be 
employed of such chaotropic substances may vary depending on the chaotropic 
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substance used and, in the case of guanidine thiocyanate, for instance, this is 
preferably used within the concentration range of 3-5*5 M. 

[0015] The cytolytic solution may contain a surfactant so that the cell membrane 
may be destructed or the proteins contained in cells may be denatured. The 
surfactant is not particularly restricted but may be any of those generally used in 
nucleic acid extraction from cells or the like. Specifically, there may be 
mentioned nonionic surfactants such as polyoxyethylene octylphenyl ether, 
polyoxyethylenesorbitan monolaurate and polyoxyethylenesorbitan monooleate, 
cationic surfactants such as dodecyltrimethylammonium bromide, 
dodecyltrimethylammonium chloride and cetyltrimethylammonium bromide, 
anionic surfactants such as sodium dodecyl sulfate, N-lauroylsarcosine sodium and 
sodium cholate, and amphoteric surfactants such as phosphatidylethanolamine. 
Among these, nonionic surfactants such as polyoxyethylene octylphenyl ether and 
polyoxyethylenesorbitan monolaurate are preferably used. The concentration to 
be employed of these surfactants may vary depending on the surfactant species 
used and, in the case of polyoxyethylene octylphenyl ether, for instance, this is 
preferably used within the concentration range of 0.1%-3%. 

[0016] The organic solvent to be used in the practice of the invention is not 
particularly restricted but may be any one that will not inhibit plasmid DNA 
binding to the solid phase but can inhibit genomic DNA binding to the solid phase. 
Presumably, the addition of such an organic solvent to the liquid phase properly 
decreases the polarity of the liquid phase to thereby provide plasmid DNAs aind 
genomic DNAs differing in molecular surface polarity with selectivity in solid 
phase binding, although the details of this principle are unknown. As specific 
examples of the organic solvent to be used in the practice of the invention, there 
may be mentioned water-saturated phenol, buffer solution-saturated phenol, 
chloroform, methanol, ethanol, 1-propanol, 2-propanol, 1-butanol, 
3-methyl-l-propanol and acetone. Among these, water-saturated phenol or 

buffer solution-saturated phenol, or a mixture of such saturated phenol and 
chloroform in an appropriate mixing ratio is preferred. 

[0017] The nucleic acid-binding solid phase carrier to be used in the practice of 
the invention is not particularly restricted but may be any solid that has a 
hydrophilic surface capable of adsorbing nucleic acids in the presence of a 
chaotropic ion, namely retaining them through reversible bonding. Specifically, 
silicon dioxide, namely silica, is preferably used. The carrier also includes 
silica-based substances, for example glass and diatomaceous earth, chemical 
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modifications or surface-treated modifications thereof, and composites thereof 
with such other substances as superparamagnetic metal oxides unless they inhibit 
such reversible binding with nucleic acids as mentioned above. The form of the 
nucleic acid-binding solid phase carrier is not particularly restricted but 
specifically includes particles, filters and reaction vessels. Among these, the form 
of particles is more preferred from the adsorption and elution efficiency viewpoint 
and, in that case, the particle diameter is more suitably 0.05-500 pm. 

[0018] In the practice of the invention, the cytolytic solution, organic solvent and 
nucleic acid-binding solid phase may be added either separately or simultaneously. 
[0019] The washing step (b) is the step of separating only the nucleic acid-binding 
solid phase carrier with the plasmid DNA adsorbed thereon as far as possible from 
the mixture comprising the cell disruption product, cytolytic solution, organic 
solvent and nucleic acid-binding solid phase carrier. On that occasion, the carrier 
is preferably washed about 1-3 times using a washing solution. 

[0020] The specific means for separating the nucleic acid-binding solid phase 
carrier in the practice of the invention depends on the form of the solid phase 
carrier employed. When the nucleic acid-binding solid phase is in the form of 
particles, for instance, centrifugation, filtration or column operation is preferred 
among others. Further, when a solid phase carrier containing a 
superparamagnetic metal oxide within particles thereof is used, magnetic 
separation using a magnet or the like, which is simple and easy, becomes possible 
and is more appropriate. 

[0021] The washing solution to be used in the practice of the invention is not 
particularly restricted but may be any one that will not promote plasmid DNA 
elution from the solid phase but can prevent genomic DNA or protein binding to 
the solid phase. Specifically, a 3-5.5 M guanidine thiocyanate solution or 
40%-100% ethanol is preferred, and the combined use of these washing solutions 
is more preferred. Thus, preferably, the solid phase is first washed with a 
guanidine thiocyanate solution and then further with 40%-100% ethanol. 
Further, when the cytolytic solution and organic solvent first used in the 
dissolution/adsorption step are used as washing solutions, genomic DNAs and 
proteins are more effectively removed. On that occasion, 40%-100% ethanol is 
preferably used in the subsequent washing. 

[0022] The elution step (c) is the step of eluting the plasmid DNA from the nucleic 
acid-binding solid phase carrier with that DNA adsorbed thereon. Therefore, the 
eluent to be used in the practice of the invention is not particularly restricted but 
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may be any one that promotes the elution of the plasmid DNA from the solid phase. 
Specifically, water or TE buffer [10 mM Tris-hydrochloride buffer, 1 mM EDTA, 
pH 8.0] is preferred. The plasmid DNA then recovered can be directly used in an 
enzymatic reaction using a restriction enzyme(s) or DNA polymerase, for instance, 
without subjecting the same to a desalting or concentration procedure by dialysis 
or ethanol precipitation. 

[0023] As described hereinabove, the plasmid DNA extraction/purification 
method according to the invention is constituted of simple steps and can obviously 
be applied to plasmid DNA extraction/purification kits and to nucleic acid 
extraction apparatus in which the solid phase separation and reagent distribution 
procedures are carried out automatically. 

[0024] 

[Examples] The following examples illustrate the present invention more 
specifically. These examples are, however, by no means limitative of the scope of 
the invention. 

Example 1 Plasmid DNA extraction from Escherichia coli pBR322/HB101 
(1) Preparation of Escherichia coli pBR322/HB101 

LB medium [100 ml; 10 g/1 tryptone, 5 g/1 yeast extract, 5 g/1 sodium 
chloride (pH 7.5)] containing 100 pg/ml of ampicillin] was sowed with an 
Escherichia coli HB101 transformant as transformed with the plasmid pBR322 
(product of Toyobo) (pBR322/HB101), and cultivation was carried out at a 
cultivation temperature of 37°C and a rate of stirring of 180 rpm for 15 hours. 
After cultivation, the culture fluid was distributed, in 1.5-ml portions, into 1.5-mI 
microtubes, followed by 1 minute of centrifugation at 12,000 rpm on a high-speed 
refrigerated microcentrifuge (MR-150; product of Tomy Seiko). The cells 
obtained after removal of the supernatant were used as the extraction material. 
[0025] (2) Plasmid DNA extraction/purification 

The cells in each microtube as prepared in the above step (1) were lyzed by 
adding thereto 500 pi of a cytolytic solution [4.7 M guanidine thiocyanate, 92 mM 
sodium acetate-hydrochloric acid (pH 4.0), 1.2% polyoxyethylene octylphenyl ether, 
20 mM EDTA]. Then, 500 pi of TE buffer-saturated phenol/chloroform (1:1) was 
added, and the mixture was stirred vigorously. Thereto was added 40 pi of a 0.5 
g/ml suspension of magnetic silica (particle diameter 1-10 pm, containing 30% of 
triiron tetraoxide, specific surface area 280 m 2 /g, pore volume 0.025 ml/g, surface 
pore diameter 2-6 nm; product of Suzuki Yushi), followed by 10 minutes of stirring 
at room temperature. Then* each microtube was placed on a magnetic stand 
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(MPC-M; product of Dynal), the magnetic silica particles were collected, and the 
supernatant was discarded. Further, the microtube was removed from the 
magnetic stand, 1 ml of a washing solution [5.3 M guanidine thiocyanate, 52 mM 
Tris-hydrochloride (pH 6.4)] was added and, after thorough mixing, the microtube 
was placed on the magnetic stand in the same manner, and the particles were 
washed by removing the supernatant. The particles were again washed with 1 ml 
of the washing solution in the same manner and then washed with two 1-ml 
portions of 70% ethanol and with one portion of 100% ethanol. After removal of 
the supernatant, the microtube was placed on a heat block set at 55°C and allowed 
to stand for 20 minutes to thereby evaporate off the ethanol in the tube and dry the 
particles. Thereto was added 100 pi of sterilized water and, after 10 minutes of 
stirring at room temperature, the mixture was placed on the magnetic stand, the 
magnetic silica particles were collected and the supernatant was recovered. The 
liquid recovered amounted to about 80 pi. 

[0026] A 10-pl portion of the liquid recovered was subjected to agarose gel 
electrophoresis, followed by staining with ethidium bromide and photography. 
The results are shown in Fig. 1 (lane 3). As is evident from Fig. 1 (lane 3), it can 
be confirmed that the plasmid DNA could be extracted and purified at a high 
purity while almost no contamination with Escherichia co/i-derived DNAs or RNAs 
was observed. In Fig. 1, lane 1 indicates the electrophoretic pattern of size 
markers resulting from PstI digestion of the lambda phage DNA, lane 2 the 
electrophoretic pattern of the commercially available pBR322, lane 3 the 
electrophoretic pattern of the pBR322 DNA extracted and purified by the method 
described in Example 1, lane 4 the electrophoretic pattern of the EcoRI digest 
derived from the commercially available pBR322 DNA, and lane 5 the 
electrophoretic pattern of the EcoRI digestion products derived from the pBR322 
DNA extracted and purified by the method described in Example 1. 

[0027] (3) Restriction enzyme digestion of plasmid DNA 

To an 8-pl portion of the liquid recovered as described above under (2) 
were added 1 pi of 10 x H buffer [500 mM Tris-hydrochloride (pH 7.5), 1 M 
sodium chloride, 100 mM magnesium chloride, 10 mM dithiothreitol] and 1 pi of 1 
U/pl EcoRI (product of Toyobo), and the resulting mixture was allowed to stand at 
37°C for 3 hours. 

[0028] The reaction mixture was subjected to agarose gel electrophoresis, 
followed by ethidium bromide staining and photography. The results are shown 
in Fig. 1 (lane 5). As is evident from Fig. 1 (lane 5), the plasmid DNA extracted 
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and purified by the method of the invention was found completely cleaved by the 
restriction enzyme EcoRI and could be subjected to restriction enzyme digestion. 
[0029] Example 2 Plasmid DNA extraction from Escherichia coli pUC19/JM109 
(1) Preparation of Escherichia coli pUC19/JM109 

A 100-ml portion of SB medium [32 g/1 tryptone, 20 g/1 yeast extract, 5 g/1 
sodium chloride, 5 ml 1 N NaOH] containing 100 pg/I of ampicillin was sowed with 
an Escherichia coli transformant (pUC19/JM109) as transformed with the plasmid 
pUC19 (product of Toyobo), and cultivation was carried out at a cultivation 
temperature of 37°C and a rate of stirring of 180 rpm for 5 hours. After 
cultivation, the culture fluid was distributed, in 1.5-ml portions, into 1.5-mI 
microtubes, followed by 1 minute of centrifugation at 12,000 rpm using a 
high-speed refrigerated microcentrifuge (MR-150; product of Tomy Seiko). The 
cells obtained after removal of the supernatant were used as the extraction 
material. 

[0030] (2) Plasmid DNA extraction/purification 

The plasmid pUC19 DNA was extracted and purified from the cells 
prepared as described above under (1) in the same manner as in Example 1. The 
cells were lyzed by adding thereto 600 pi of a cytolytic solution [5 M guanidine 
thiocyanate, 100 mM sodium acetate-hydrochloric acid (pH 4.0)] and then 300 pi 
of TE buffer-saturated phenol, followed by vigorous stirring. Thereto was added 
40 pi of a 0.5 g/ml suspension of magnetic silica (particle diameter 1-10 pm, 
containing 30% of triiron tetraoxide, specific surface area 280 m 2 /g, pore volume 
0.025 ml/g, surface pore diameter 2-6 nm; product of Suzuki Yushi), followed by 10 
minutes of stirring at room temperature. Then, each microtube was placed on a 
magnetic stand (MPC-M; product of Dynal), the magnetic silica particles were 
collected, and the supernatant was discarded. Further, the microtube was 
removed from the magnetic stand, 750 pi of a cytolytic solution [5M guanidine 
thiocyanate, 100 mM sodium acetate-hydrochloric acid (pH 4.0) and 150 pi of TE 
buffer-saturated phenol were added and, after thorough mixing, the microtube was 
placed on the magnetic stand in the same manner, and the particles were washed 
by removing the supernatant. The particles were again washed in the same 
manner and then with two 1-ml portions of 70% ethanol. After removal of the 
supernatant, 100 pi of sterilized water was added to the microtube and, after 10 
minutes of stirring at room temperature, the microtube was placed on the 
magnetic stand, the magnetic silica particles were collected and the supernatant 
was recovered. The liquid recovered amounted to about 100 pi. 
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[0031] A 3-p.l portion of the liquid recovered was subjected to agarose gel 
electrophoresis, followed by ethidium bromide staining and photography. The 
results are shown in Fig. 2 (lane 3). As is evident from Fig. 2 (lane 3), it can be 
confirmed that the plasmid DNA was extracted and purified at a high purity level 
while the contamination with Escherichia coli genome-derived DNAs or RNAs was 
hardly observed. 

[0032] (3) Restriction enzyme digestion of plasmid DNA 

In the same manner as in Example 1, 1 pi of 10 x L buffer [100 mM 
Tris-hydrochloride (pH 7.5), 100 mM magnesium chloride, 10 mM dithiothreitol] 
and 1 pi of 1 U/pl Kpnl (product of Toyobo) were added to a 8-pI portion of the 
liquid recovered as described above under (2), and the resulting mixture was 
allowed to stand at 37°C for 3 hours. The reaction mixture was subjected to 
agarose gel electrophoresis, followed by ethidium bromide staining and 
photography. The results are shown in Fig. 2 (lane 5). As is evident from Fig. 2 
(lane 5), it can be confirmed that the plasmid DNA extracted and purified by the 
method of the invention was found completely cleaved by the restriction enzyme 
Kpnl and could be immediately subjected to restriction enzyme digestion. In Fig. 
2, lane 3 indicates the electrophoretic pattern of size markers resulting from PstI 
digestion of the lambda phage DNA, lane 2 the electrophoretic pattern of the 
commercially available pUC19 DNA, lane 3 the electrophoretic pattern of the 
pUC19 DNA extracted and purified by the method described in Example 2, lane 4 
the electrophoretic pattern of the Kpnl digest derived from the commercially 
available pUC19 DNA, and lane 5 the electrophoretic pattern of the Kpnl digest 
derived from the pUC19 DNA extracted and purified by the method described in 
Example 2. 

[0033] 

[Effects of the Invention] According to the invention, plasmid DNAs can be 
extracted and purified from a plasmid DNA-harboring microorganism or cells in a 
short period of time and in a simple and easy manner by causing specific 
adsorption of the plasmid DNA at a high purity level using a chaotropic 
substance-containing lyzing solution with a pH of 3-6 and a nucleic acid-binding 
solid phase carrier and further using an appropriate eluent, without the necessity 
of any complicated after-treatment procedure. 

[Brief Description of the Drawings] 

[Fig. 1] This is a photograph, in lieu of a drawing, showing the agarose gel 
electrophoretic patterns of the plasmid pBR322 DNA extracted and purified by the 
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method of the invention and of the restriction enzyme digest thereof. 

[Fig. 2] This is a photograph, in lieu of a drawing, showing the agarose gel 
electrophoretic patterns of the plasmid pUC19 DNA extracted and purified by the 
method of the invention and of the restriction enzyme digest thereof. 



FIG. 1 



FIG. 2 




